INTRODUCTION {#sec1-1}
============

Despite the famous statement that \"the best localization technique for parathyroid is a capable surgeon\", many clinical trials were conducted to evaluate and compare the different modalities, to come up with the best protocol that is not only accurate, but also relatively easy and cost effective.\[[@CIT1]‐[@CIT3]\]

Preoperative and perioperative radiological\[[@CIT4]\] and nuclear medicine studies, either individual or in combination, of intraoperative bilateral and unilateral neck exploration\[[@CIT5]\] and four gland sampling, PTH venous sampling, minimal invasive radiological guided parathyroidectomy,\[[@CIT6][@CIT7]\] even frozen section,\[[@CIT8]\] have been evaluated\[[@CIT9]\] extensively in literature.

In this study we evaluate the preoperative Tc99m-sestamibi scintigraphy as a single localization modality that is not only easy to perform, but is also a cost effective\[[@CIT10]\] technique, and is not operator-dependent.\[[@CIT11][@CIT12]\].

Few reports tried to emphasize on the factors affecting the accuracy of a sestamibi scan for parathyroid, many of which talked about the various technical modifications that might enhance the accuracy, and some concentrated more on the characteristics of the diseased gland and its relation to the precise results obtained from the sestamibi scan.

We tried to study the relation between the histopathology findings, in terms of type of abnormality (hyperplasia vs. adenoma), physical characteristics of the hypersecreting gland, including the weight of the gland, as well as the relation to the parathyroid hormone obtained preoperatively, and the overall results of the successful localization of the parathyroid gland intraoperatively in a UNE and parathyroidectomy.

PATIENTS AND METHODS {#sec1-2}
====================

From January 2005 to July 2008, a series of 170 consecutive patients (mean age ± SD) 56.6 ± 13.1 years, with a female to male ratio of 3.3:1 from the hospital Notre-Dame (one of the central hospitals of the university of Montreal).

Ionized calcium level of 1.42 ± 0.14 mmol/L, Mean PTH level preoperative 53.4 ± 88 pmol/L range 0.2 -- 530 pmol/L.

All patients had a normal renal function; and they were operated by the same surgeon. Preoperatively they all had Tc99m-sestamibi scintigraphy as a localization technique.

Inclusion criteria were primary hyperparathyroidism, presence of sestamibi scan regardless of results, all patients had to be treated surgically, and confirmation of a hyperfunctional parathyroid gland by histopathology.

The exclusion criteria included any patient with abnormal renal function, inability to retrieve the sestamibi scan (either not done, missing, or refused by the patient), any concomitant thyroid surgery in the same setting.

The technique employed was a standard double isotope Tc99m-sestamibi scintigraphy and I^123^, with a neck window followed by a mediastinal thoracic window.

The confirmatory rPTH was drawn in the recovery room instead of immediately post excision of the hyperfunctional gland. We never use the frozen section intraoperatively for parathyroidectomy in our institute.

Follow-up was done with the collaboration of the Department of Endocrinology and each patient was followed up in our Outpatient Clinic at least once post discharge from the hospital, and ionized calcium and PTH results were followed for an average of 18 months (range between three months and two years).

On the basis of the histopathology results, biochemical improvement, and clinical findings, we analyzed each patient with the Tc99m-sestamibi scintigraphy results, in order to detect any relation between these variables against the accuracy of the Tc99m-sestamibi scintigraphy, and accordingly the patients were divided into three subgroups:

Exact matching (EM): where the Tc99m-sestamibi scintigraphy scan results were accurate for the site (upper or lower) as well as for the side (right or left) and for the number of hyperfunctional gland(s).

Partial match (PM): where the results of the scan were accurate only for either side (right or left) or site (upper or lower).

Mismatch group (MM): where the results were not corresponding to the exact location of the hyperfunctional gland - which was identified later by pathology reports - or were not accurate for the number of diseased gland(s).

Statistics {#sec2-1}
----------

Data were collected utilizing Microsoft Excel^®^ 2003, they were analyzed using SPSS for windows^®^ 14.0. We expressed our results in Mean ± SD.

The comparison of results was performed by *t*-test and chi-square tests; the curves were designed based on scattered points, to compare paired values whenever needed. The final results were considered statistically significant when the two-tailed *P* value was \<0.05.

A literature review was performed using PubMed and MDConsult with Key words including sestamibi parathyroid scan, primary hyperparathyroidism, and preoperative localization of parathyroid adenoma, for English articles published between 1980 and 2008. Studies for secondary hyperparathyroidism were excluded.

RESULTS {#sec1-3}
=======

Starting with 178 patients, eight patients had to be excluded because of lack of data or inability to view the parathyroid sestamibi scan.

In the group, 78 patients (41.7%) had an exactly matching sestamibi scan for hyperfunctional gland and underwent a UNE \[[Figure 1](#F0001){ref-type="fig"}\], the success of a complete excision of the parathyroid diseased gland was confirmed by a 50% drop in the preoperative PTH compared to the rPTH in the recovery room 30 min post operation, as well as by the final histopathology results. The patients of this group showed signs of normalization of their parathyroid function biochemically and clinically in the follow-up, in the OPD.

![Right Inferior parathyroid adenoma](IJNM-25-6-g001){#F0001}

Eighty-one patients (51.6%) had a partially matching sestamibi scan, however, although they still underwent a UNE, intraoperatively the decision had to be made according to the visualization of the diseased gland. and this group also had the same protocol for confirmation and follow-up like those of the EM group.

Only eleven patients had a confirmed mismatch sestamibi result; Eight of the eleven had three-and-a-half parathyroidectomy, and three patients had a double adenoma and were operated again for recurrent symptomatic hyperparathyroidism; all of the three were cured after the second operation.

Therefore, in general the matching scans, either partial or complete, comprised of 159 patients of the 170 subjects (93.5%) versus eleven patients (6.4%). With a sensitivity of 98.1% and a specificity of 97.01%, the positive predictive value was 97.6%, and the false negative and false positive were 3 and 1.8%, respectively.

The weight of the gland ranged between 0.1 g and 10 g, with a mean of 0.88 g. Among the group of EM the mean weight of the excised gland was 1.06 ± 1.43 g, (ranging between 01 and 10 g), while in the PM the mean was 1.7 ± 2.14 g (ranging between 0.11 -- 9.0 g). In the Mismatch group the range of the hyperfunctional gland was between 0.01 -- 0.61 g, with a mean of 0.24 ± 0.27 g.

By comparing the difference, the average weight between the matching group (PM and EM) and the mismatched group was 1.058 g versus 0.247 g, respectively, with a mean difference of 0.823 g (*P* = 0.045) \[[Figure 2](#F0002){ref-type="fig"}\].

![Relation between the weight of the gland in each of the EM and PM subgroups. There was also evidence of a relation pattern between the matching group and the magnitude of the preoperative PTH, when compared to the mismatch group](IJNM-25-6-g002){#F0002}

In the exactly matching group; six patients (7.6%) of the 81 had a confirmed pathology report of hyperplasia with the remaining 72 having adenoma. The partially matching group showed a higher ratio of hyperplasia; where 15 patients out of the 81 were diagnosed with hyperplasia (18.5%).

DISCUSSION {#sec1-4}
==========

Since the introduction of Technetium-99m (99mTc) sestamibi for parathyroid imaging in 1989,\[[@CIT13]\] it has been widely used for the determination and location of the hyperfunctional parathyroid adenoma, with encouraging results.\[[@CIT14]\] The technique employed underwent several modifications that resulted in an overall improvement of its sensitivity from 89 to close to 100%, in recent reports.\[[@CIT12][@CIT15]\]

In our study we evaluated the weight of the hyperfunctional parathyroid as a predictive factor for the accuracy of the preoperative Tc99m-sestamibi scintigraphy study; the mean weight of 1.05 ± 0.4 g was associated with a high accuracy rate. Interestingly, we found that these results were accurate for both parathyroid adenoma and hyperplasia. On the other hand, tiny adenomas with an average weight less than 0.600 g were difficult to localize, and were associated with either negative results or a misleading location that required an experienced surgeon to intraoperatively identify the suspicious gland.\[[@CIT16]\]

The significant statistical difference between the matching and mismatching groups was not surprising; several authors came up with more or less similar findings.\[[@CIT17]‐[@CIT19]\]

This was probably explained by the correlation between the weight of the gland, its Oxyphil cells content, with their increased sestamibi uptake, and storage by the mitochondrial-rich organelles.\[[@CIT17][@CIT20]\]

However, the absence of a statistically significant difference between the exact and partially matching groups may be explained by two factors; the eventually improved experience and accuracy in the selected institute, with the gradual increase in the number of patients undergoing the procedure every month in the last couple of years; and secondly because of the ratio of pathologically confirmed hyperplasia to adenoma, which was 18.5% in the PM group in comparison to 7.6% in the EM. This has been also reported particularly in glands that weigh less 0.8 g., with a tendency to cause a confusion between the upper and lower glands; rather than the left- and right-sided adenomas.\[[@CIT17]\]

The magnitude of preoperative PTH was closely related to the accurate results of the (99mTc) sestamibi scan. In our sample of patients the mean value of the preoperative intact PTH in the EM group was 28.8 pmol/L, while the recorded mean PTH level in the mismatch group was 10.1 pmol/L, with a mean difference of 18.6 that resulted in a *P* value = 0.02. That suggested a nonincidental relation between the two \[[Figure 3](#F0003){ref-type="fig"}\].

![The relation between PTH and the three subgroups of patients. Series 1(EM), series 2 PM, and series 3 MM Preoperative Intact PTH levels in the EM group were expressed by the mean value of 28.8 pmol/L, and on the other hand the mean value of intact PTH for the mismatch group was 10.1 pmol/L, with a *P* value of 0.02.](IJNM-25-6-g003){#F0003}

Limitations {#sec2-2}
-----------

The challenge that faces one who studies the results of parathyroidectomy is the occasional confusing pathology that cannot differentiate hyperplasia from adenoma.

Variation in the interpretation reports is another factor that affects the final surgical decision, but luckily many of these challenges did not exist among our population of patients.

CONCLUSION {#sec1-5}
==========

The routine utilization of Tc99m-sestamibi scintigraphy scan as a single localization test, for identifying a parathyroid adenoma, is an accurate and efficient method that helps to avoid unnecessary bilateral neck exploration, due to its high sensitivity and specificity.

It can be performed as a part of the preoperative assessment with clear cost effectiveness compared to multiple localizing techniques.

The weight of the adenoma plays an important role in the accuracy of this test as well as the preoperative PTH level.

Tiny adenomas tend to have a low weight and are in general associated with lower preoperative PTH values.
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